-1- DESCRI PTI ON LUBRI CANT FOR RECORDI NG MEDI UM AND MAGNETI C DI SK TECHNI CAL
FIELD 5 The present invention relates to a lubricant for nagnetic disks,
magnetic tapes and |ike recording media, and to a magnetic disk conprising
a lubricating |ayer fornmed by using the ubricant. 10 BACKGROUND ART As
lubricants for magnetic disks, per f 1 uor opol yet her conpounds are generally
used. Anong varlous perfluoropolyethgkscﬁg ds, Fonblin-based (product
of Sol vay Sol exi s % npounds havi ng ow surf ace energi es and | ow
frictional forces 1§U§ EC%%%tRX%BﬁQ@&@MVS@@@GUMF@mbwﬂﬁmﬁa§édDEﬁhpounds are
per fl uoropol yet her conpounds wherein the basic skeleton of its main chain
is (CF2CF20 m(CF20),,. However, it is known that Fonbli n-based conpounds
react with alum na (A1203) cont ai FEéGHNRCAR & BETENber s, so that cl eavage 20

of the rpin chain cap,gcc r ul es, 1992, Vol 6791- 799)
As this ¢l eavage progrgss}g£ &%ﬂé ggg?ﬁﬁngp&ﬁéégﬁér g?s ey edt A
event ual | y mayratiid ﬁedkSEomagmmtumagapESCandﬁrﬂke EhebedﬁmgiﬂéMiaUDQﬁé Eé”a

driving a rive |y contact start/stop (CSS) wherein
t he head ag@g§$§ﬂﬁf qb‘ coﬁ%pr%%%W%d%qgﬁFXﬁﬂgﬁn?h EN aPtsUstNet By,
and ranp | badringiranl oadi ng (L/UL) wherein the head retracts to outside the
di sk surface when the device stops. The properties required of a |ubricant
vary dependi ng on the node enployed. 30 In recent years, there has been a

demand IfQor increased storage densigi@&ra0dppiREessi ng speeds of disk
units. In order geet uch demand, it is necessary to decrease the
di stance bet vveen th éér%ralﬁanﬂ? SKOFT IMATG 6 oht9ksandporf Miscebet seehathe

rotation ofcdrpericsk.adeyeferidialing bbbl mﬂﬁonﬁhgéﬁi&é hﬁe%r%ﬁo??éfl’?ﬂ ly
does not cone into contact with the disk

compounds, Fomblin-based (product of Solvay Solexis K.K.)
compounds having low surface energies and low frictional forces

15 are most frequently used. Fomblin-based compounds are
perfluoropolyether compounds wherein the basic skeleton of its
main chain is (CF,CF30)n(CF20),.

However, it is known that Fomblin-based compounds react

with alumina (Al,0;) contained in head members, so that cleavage

20  of the main chain can occur {(Macromolecules, 1992, Vol. 25, pp.
©791-6799). As this cleavage progresses, the perfluoropolyether
is depolymerized and eventually volatilized from the magnetic
disk.

There are two modes for driving a magnetic disk drive,

25 namely contact start/stop (CSS) wherein the head and the disk
come into contact when the device starts or stops, and ramp
loading/unloading (L/UL) wherein the head retracts to outside the
disk surface when the device stops. The properties required of a
lubricant vary depending on the mode employed.

30 In recent years, there has been a demand for increased
storage densities and processing speeds of disk units. In order
Lo meet such demand, it is necessary to decrease the distance
between the head and disk (flying height) and/or accelerate the
rotation of the disk. Even in the L/UL mode, wherein the head

35  basically does not come into contact with the disk, with a



-2- decrease in flying height and increase in rotational speed, the head
comes into contact with the disk nore often, and this results in transfer
of the lubricant fromthe surface of the disk to the head and/or splashing
of the lubricant beyond the disk. 5 This y danege the disk, and therefore
a lubricant having a strong adhesion to the surface of the disk is

pref erabl e. es0f. . ubri,cant. is_a Fonblin-based h
perf uoropoldégfﬁgéén%mf)o ln%uﬁgevl%#gt lg‘illhf)jl ﬁpg Ty ot pB?%arnClé’_PSEpésPﬁ%?ig. the
" Z- Tetr aol " hea@r coursts ointSol vayt 8ol ewish K the) ; dhoewete tdiiten| ubiidcanhis

i ch an TOREE The SeeETnoPh i AR ER SRk b hes SHEERTS G drenaack
B505535) . ar o Know ma. - oxamal s bf - Conpounds 1 hat o tetate decommas; £ on
due to )1 a?{}%ns nénaéfesdpafr}age_co_ eai‘??lir% ar?rtfgrgﬁ‘%’é?f?ﬁ)‘(ﬂ vt hePr9aith. hahiage a
conpounds peeveny debesosi té othdueuttadd UBE NBhBY diBR ekf estrefapide an
Conpat i b1 | EYS T 0 HuTo: PHaBHGG! et HoFoBe AU aRar Hevrad ot her
excel | ent CSSmpesisimnang HOWEMalitheyrhavead Lovwugd adhesi on iihs; di sk

surface and therefore are not particularly preferable as |ubricants for
use in the PFofGhodet PRLERdeiokeFienérBase PREcSpoedtitis rladuridant/ creadt ng

of infuy mboRe tte ipToBXRRELAGH H@onﬁﬁ&@j!ﬂi%ahuépf?@délhﬂigg‘?g”eti ¢ disks
will reach 15,000 rpmor nore in the near future. As the rotati onal
speed of a magneti cCERRUGcr éBsedricdbheannmnst of thebr penftuspipadfethéends

to be increggetetdd sid difgiscgondycted, f@ﬁog?llu%%heti r@{%iilogaf ot g.;[:(i){l]
the disk at a high speed, the lubricating Faye econes i'n-due t
deconposi ti 6#peGEHd cefdonfra@hetUsE dick ev&ROIA | gncbr 660G3350) n aoredekndwn Sats el y

Strong adneci SRS (he nRQRatTEdi S and i ShoUise SSCPERHITY dBRonbse
is necéggar@1umjqqlgﬁmpgiqrbonmﬁmmk@mla perfluoropolyether chain. These
compounds prevent decomposition due to alumina by the effect of
the modifying phosphazene functional group. These compounds have
a high compatibility with other perfluoropolyether compounds and
have an excellent CSS resistance. However, they have a low
20 adhesion to the disk surface and therefore are not particularly
preferable as lubricants for use in the L/UL mode.

In order to increase the speed of recording/reading of
information, it is expected that rotational speeds of magnetic
disks will reach 15,000 rpm or more in the near future. As the

25 rotational speed of a magnetic disk increases, the amount of
lubricant splashed tends to be increased. 1If sliding is conducted
for a long time while rotating the disk at a high speed, the
lubricating layer becomes thin due to decomposgition, and the
magnetic disk eventually breaks. In order to surely obtain

30 reliability of magnetic disk drives, use of a lubricant having a
strong adhesion to the magnetic disk and which dose not readily

decompose is necessary.

DISCLOSURE OF INVENTION
35 PROBLEM TO BE SOLVED BY THE INVENTION



35 PROBLEM TO BE SOLVED BY THE | NVENTI ON -3- An object of the present
invention is to provide a recording nmedia |ubricant having a strong
adhesion to a recording nediumand which does not readily deconpose. 5
MEANS FOR SCLVI NG THE PROBLEM The present _i nvention provides a |ubricant
for recording nedia and a nmagnetic di sk™d5 described bel ow. Item1. A

| ubricant for recordin i ntai.ni ng:_a.perfl uqgr.opol yet her conpound
represented by Forn%?ag?]g, talggR%%8H§%%§5¥%CF§%¥3ﬁ%¥#% Ofﬁ-éﬁfgafﬁRQa(l)
wherein R reppedbn suedia INpehcalit hhvOng[ R S6HYORInESi 3N NP R feepi-asagt s
a Cl 4 halo I 0 . represents .- CH(OH) CH2OH, and m and n are
each indepeﬁégﬁfp%L¥¥g%?ggnggg%ﬁgﬁhéﬁaﬂéi¥ﬁ%%?%ﬁ@??ether conpound
represented by 20 Fornula (2), Rl-CH2CF20-(CF2CF20)m (CF20)n CF2CH2-R3 (2)

wherein R1, I ove and R3 represents
-OCHZC}K{;ﬂ%@é@%ﬂﬁ%ﬁﬁ%ﬁ&gﬁﬁgfﬁéﬁﬁgﬁﬁgm A magnetic di sk obtained by
sequential |y form nghe2prasescoididigibaygrodibA PNOLESELNE Y §ecOPddng
support, and fornkﬂgba | ubricat.ing Iager essentially consists of the

lubricant BFIT S SoR2PRET Lartiske 281 deher ihest BelPve | ayer. The present

i nvention is explai neémin, detiabl-i bghOWorThecaesihdienal yether, qgnpound
contained in the 30 lubricant for recording nedia of the present invention
has a cycl ot ri phospha?enieUCHRERT vetdiergcompoutd orrpresgnded thie Formula (1),

per f | uarpol yet her ghaﬂgcggpchﬂﬂigy@]&ﬁyoﬁpcpxgﬁgéyl gr Qyps derived from
a glycol skeleton at the other end.
wherein R® represents

NN
[R(CeHa)Ols—] i
P\N¢P

N

0
15

R represents a C;-, haloalkyl group, R? represents
—OCH.CH (OH) CHOH, and m and n are each independently 1-30; and
another perfluoropolyether compound represented by
20  Formula (2),
Rl-CHgCE'zo— (CF2CFL0) = (CF0) n~-CF2CH2—R3 (2}
wherein R', m and n are as defined above and R’
represents -0OCH,CH (OH)CH,OCH,CH (OH) CH,OH.
Item Z. A magnetic disk obtained by sequentially forming
25 a recording layer and a protective layer on a support, and
forming a lubricating layer essentially consists of the lubricant
of Item 1 on the surface of the protective layer.
The present invention is explained in detail below.
The perfluoropolyether compound contained in the
30 lubricant for recording media of the present invention has a
cyclotriphosphazene functional group at one end of the
perfluoropolyether chain, and a plurality of hydroxyl groups
derived from a glycol skeleton at the other end.
The lubricant for recording media of the present

35 invention is produced, for example, by the following process.



The lubricant for recording nedia of the present 35 invention is produced,
for exanple, by the follow ng process. -4- A perfluoropol yether conpound
having a main chain represented by the formula bel ow, -CH2CF20- (CF2CF20) m
(CF20 0 CF2CH2 wherein mand n are each jmgrﬂglependently 1-30, and having 5 a
cycl otri phosphazene functional group at ohe end and one hydroxyl group at

the other end is m xedpw-kEh,pat UL - g&bfgggj de and.fzbutangl, foll owed
by stirring at 70C forplg% m nlﬁﬁe% g\%ter t he élonp?%t ion o%\ di €50l ujfl%lnn of
t he potassi GRP¥ESBFEEKPHethe. Borummla. bebeji val ent of 2, 3- epoxy-1|-propanol is

10 gradual |y added d b 5 resul-tan |ution over 2 hours while
sti ?ri ng at 70C. Aftg?mr% ((:%%g%ﬂré@imogég Ot)&gfdb;zt%ﬁ%)n, the resultant m xture

is further stirred dwheram frorarghat heere Zean)uris;igpérhdmtrinhg—GOmpbeﬁi naviig t he
actio the i xture | cte . extraction usjng

:)grfl Lo?’oca?bo%%%lgs{cggpggﬁég%eﬁleangu%’ R RN igére%‘?/e(?”gy and one

di still ati ohydoistydi ngnou aitscious bihert d.enfiheid hm&xe%bt“ajﬁmleq%duas;‘sguﬁ |’d|_-C]UI d
t ai uar o t her _coppound. represented t he aboye Fornul a

(o e e R O At e S BEG Sy bt e ok ifh (35

and a per fihimutopol yerfter chapoonsi dtephesend Bskditioh Mt aced)potd8sium t-

R1- CH2CF20-, (,CF2CF20 CF20 - CF2CH2-OH (3), _ wherein Rl represents N-~N
| R(CsH4) ol sb%go’?gélb\ ?\hH]PgR %%)az'@l. FWHAFBEFKy | r odp 3-8ReK Y loRFoRaBel edfich

i ndeperident §yadi:a3Qy Bhidedt el-BpwYsdli K UFigs npé/s@fcr?%%te@oég;#s&? %&l%; i faf%%rfs% y
30 recordin dia of the present invention w thout nodification,
be purifi edwec a‘ifrﬁFlélﬁr Gitat By aphyittetpdher iqomeartienr pbnadiitkiae the

extraction redaGntonigthes pUrddrceati o MRINQY. 76-pr eferablipcexanple.of a
| ubri cant fﬁ%té&e%%gdhg%pggﬁgé% of the reaction, the mixture is subjected to
extraction using a perflucrocarbon-based solvent, and the solvent
15 is removed by distillation, obtaining a viscous liquid. The thus-
obtained wviscous liquid contains a perfluoropolyether compound
represented by the above Formula (1), a perfluoropolyether
compound represented by the above Formula {(2), and a

perfluoropolyether compound represented by Formula (3)

20 R'~CHyCF20- (CF2CF20) n- (CF20) n=CF,CH,~OH (3),

wherein R' represents

r

P

PN
—0
¢P

N
[R(CeH4)OLs—]
25 R\N

R is a C;4 haloalkyl group, and m and n are each
independently 1-30.
This ternary mixture may be used as the lubricaﬁt for
30 recording media of the present invention without modification,
but may be purified by column chromatography, supercritical
carbon dioxide extraction method, or other purification method.
A preferable example of a lubricant for recording media
is a mixture that contains not less than 50 wt$% of

35 perfluorcpolyether compounds represented by Formula (1) and



is a mxture that contains not less than 50 wt% of 35 perfluoropolyether
conpounds represented by Fornula (1) and -5- Fornula (2), wherein the
content of perfluoropolyether conpound represented by Formula (1) is not
|l ess than 30 % A nore preferable exanple of a lubricant for recording
media is a mixture that contains not |ess than 70 wt%of

per f1 uor opokyghhes E2COWRQHQ%§1H§EJQ§2$EEQ %% uor ﬁgggoéggé%?

wherein the content per f1 uoropol yether oun
(1) is not repessarfign 40y wEosmupr é‘sbm@hm@fcarlﬁssAZﬁHrén aOpm%uct pofmore

) rc S |f|ce npl e of raw material 10
g/g]‘srlrjrg;gp(?f)3%et q‘%orr%}égﬁédpenav:fnggaﬁa i) ?ﬁéﬁzcﬁ%‘iﬁjﬁﬂ%{‘@:ﬂﬁj ACF3eHA
mai n chai n, qum@ rthﬂtamdmmane eatc hlégxdepand 8ot ky % 1030ﬁerﬁm1:@@mpgt1@ert
chol ot £ oSaEe GURLLENGL, SLPAR AL S0 0 R0 Y ) L0, o
(CF3C6H40) SQWtCIdZCE%ﬁ(Lﬁ?EW@)théEFa@pMd %@Hesé%}dm aﬁlmrrélﬁ’ﬁé\l?:tlgll
represents a_c trip eng ring, mand n are each independen
1- go and tfe Iyogcnggﬁsagg?‘g ¥o1°ecul ar wei ght is about 1300 to 8000. One

exanpl e of an appl I‘@%I@Eﬂ:d)f Phderdadr i 200~ fos  grecardi ng ”ﬁgﬁsaun%frat hei1
present invention is _as a lubricant for 20 i nproving the slid

properties 0f° HORGnECFR di skSi P a FREGHEEFC BrarPImi tof Sich réﬁpl rebeion
ai s atlor edpet NAicrBpot9ethid i eBkpOlind f Kh1APN Detnget bhecmparst i oelbsk and

a head, and_therefore the  lubricant of the present i Avent i on may al’so” be
used as a tidFecdiy grhaide |W|li‘e§ei%cf6réil%gnuﬁ¥@ @@@érlmdfawndenagmel-r@,

di sk, 25 whei®inhwhigdinGRIEHE 8ne PRYAEIdH 1! "ab! g racerdl
medi um and a head. n?ﬁg I&%rl caﬁ% ofﬂ%henpresent C%nvegﬂ ﬁ n %e used' as a
| ubricant fRrMSTGHYL TR |dtnithedotlen Gﬁ@cor’ﬁlmg:h@mlt:al $ttna1ctmmapof Stersi sa

part 1ol vadchesl | ol ng. Noick, 8l B LU 6RTLe 2418 BEESENL LYSI T
per f | udropdiiiasiciar —w@memstheq:jecfb)‘tefllphosﬁhab@lal%d}gt,ogemi@rn wirh a

Fonbl i n- each independently 1-30, and the number average molecular welight

is about 1300 to 8000. |

One example of an application of the Ilubricant for

recording media of the present invention is as a lubricant for

20  improving the sliding properties of a magnetic disk in a magnetic

disk unit. Such application aims at reducing the coefficient of

friction between the magnetic disk and a head, and therefore the

lubricant of the present invention may also be used as a

lubricant for use in a recording unit other than a magnetic disk,

25 wherein sliding occurs between a magnetic tape or like recording

medium and a head. The lubricant of the present invention may be

used as a lubricant for a unit, not limited to a recording unit,

that comprises a part involved in sliding. Note that the

lubricant of the present invention exhibits an effect for

30 preventing decomposition of a Fomblin-based perfluoropolyether

compound, and therefore it can be used together with a Fomblin-

based lubricant. The lubricant of the present invention can be

used together with lubricants other than Fomblin-based lubricants,

such as “Demnum SA” (product of Daikin Industries Ltd.) and

35 “Krytox” (product of DuPont).



based lubricant. The lubricant of the present invention can be used
together with lubricants other than Fonblin-based |ubricants, such as
"Demmum SA" (product of Daikin Industries Ltd.) and 35 "Krytox" (product
of DuPont). -6- The magnetic disk of the present invention is formed by
sequentially formng a recording |ayer and a protective |ayer on a

support, and then f 1 ubr §. i yer_conprising.the,
above- descri bed | ub?lﬁga{ralfgg'?%érl re‘%:lo%%ior%g th%dfjge(s)%n hJenvseiT&rlgge 15t fégm‘?%eby
protective kageentifildy Tfoshbmg a sebendihigc lsyencand ea (srasstieet 1epdr ofn

one exanpl e of net | i f the present.invention. In Fig, 1, the
nmagnet i (r:rpdi Sk Sggp{gﬁg' p%ﬂé(geg%égnggmjr%pagﬁﬁﬂ ng H@é’&Fdicr‘?ﬁ‘pgé?JeWg 2t a
support 1, abpvetdactinibetiayebridéht3 for the-dre¢agdimagikayer tBe afffdéce of

| ubri catd ng yer 4 conprising the above-described | ubricant for recording
medi a ongth(%h%1 Ifoa{:ceg%lgg i%e Totective |layer 3 as the outernost |ayer.

Exanpl es of materiakFsgfot sipperta lsimglatde atwa-pure akLoys, s8LEssBS of
pol ycar bonat es, etc.l Ex? | es of materjals for 15 recording |ayer
Roti: by

i ncl ude al | 88 G TR S o At B Umthe| RERPRM IraDARSM etc., to
iron, cobalt, nickefnapdglike telenpfnetifalbisRNofForRea & 'éﬂﬁagﬂgéhgiyon

S
substance, and oxides thereof. The recording |ayer 2 can be forned
subj ecting FHBYESSPaferPEPEIRY el BRT Ghloat PnguPBPEE t br | A ratect iFRabpes of
20 materd al 8 bQr L ofRGN Ayl a%6Er 32§ Neldide 1%?&*899#%‘%@ _Qlo%’omﬁﬂ§#<l
SiC, Si02, etc. The protective Tayer 3 can be forne y ‘subjecting t e
material s tBRpARTEg§Croveyl bekricems [fabr readidignd ayestiad ons ther redfdye

di ssol ving bhernd yhtkeapivd orafgcar ghn&% a0 Syofa t resent invention in a

25 solvent, and usually subjecting the resultant |r_dr] to dippi ng.
Sol vents that can sE¥akage pfibmataniaior frecawipegtmedi anoluddie alpniasent

oaere, 5, AR Sp gt L ESATANETLLSN, BRI o AR ER Sl ror
"PF- 508", r¢REIADQO"layied "HFEAZROYY apiogicbstained by adding chromium,
platinum, tantalum, etc., to iron, cobalt, nickel and 1like
elements that can form a ferromagnetic substance, and oxides
thereof. The recording layer 2 can be formed by subjecting these
materials to electroplating, sputtering, etc. Examples of
20 materials for protective layer 3 include diamond-like carbon,
SisNg, SiC, S5i0,, etc. The protective layer 3 can be formed by
subjecting these materials to sputtering, CVD, etc.

The lubricating layer 4 is formed by dissolving the
lubricant for recording media of the present invention in a
25 solvent, and usually subjecting the resultant solution to dipping.
Solvents that can solve the lubricant for recording media of the
present invention can be used in the present invention. Specific
examples of usable solvents include fluorocarbon-based solvents
(e.g., “PF-5060”, “PF-50807, “HFE-7100” and “HFE-7200”, products

30 of Sumitomo 3M Limited; and “WERTREL XF”, product of DuPont).

EFFECTS OF THE INVENTION
Because the lubricant for recording media of the present
invention has a strong adhesion to recording media, splashing

35 lubricant can be reduced, and the lubricant does not easily



30 of Sumtonop 3MLimted; and "VERTREL XF", product of DuPont). EFFECTS
OF THE | NVENTI ON Because the lubricant for recording nedia of the present
invention has a strong adhesion to recording media, splashing 35 |ubricant
can be reduced, and the |ubricant does nof easily -7- deconpose. A magnetic
di sk conprising a lubricating |ayer forne by using the above-descri bed

| ubri cant cgo-M tan o sLifing .under - high- Lotatkon. and
therefore a nagﬁ%%%% d?sﬁégﬁﬁﬁ &eagfgv#%ﬁ§#¥%ﬂ gu%ﬁbgf$é§¥$ }gyéfs Sthted
achi eves t hey5useedr thegibeeatidegcofibedf dnhatdaort atarhiwgitispeed. coBRiEbus

DESCRI PTI - L Qy schenmat i c,_sectlional view of one
exanpl e gﬁgégééﬂﬁﬁgﬁ$§§dsggho%p%%gw%ﬁggéﬁP’iﬁ@%nYQ?ﬁ?f9ﬁ§ EXEEﬂRﬁg%?)é¥§¥
NUVERI CAL SYIB@E S phowigepbr twizly ecauat nga | apegneBipr ofleglt i v&clhi?eysﬁrs 4 he

i ' . NEDE RYI N THE ] NVENTI ON The present
!ﬁeéhf?g%n?EéégﬁﬁﬁﬁgzgﬁggﬁlﬁéiaﬁP%§§¥% %ﬁtﬂgch%%géﬁ to Exanples.pzo
Exanple 1 Twenty-two grans (7.11 nmol) of "Mresco Phosfarol A20H 2000"

(product of Matsumura QG| R C . 0.1 0.71 mmol) of potassium
t-but oxi de and 13.0 m of tﬁﬁﬁﬁﬁhgﬁgﬁéf%%ﬁﬁkéﬁ‘%B%%£NG§mq argon at mospher e
and stirred at 70C fo5. 3D shous e5. s@ferftiier cEARbRAL 00i0f O S8RL ULkaRH1Qf

t he potassi umt-butoxide 7.11 mol) of 2, 3-epoxy-I-propanol was

0.6 , _
added to the" redGORghEc sk l?lfegai(ao@?/ﬁ%%lto&é?’e@t%ﬂfurs while stirring at

70C. Afiver sxmppiizettonnopfniMigraddi §vegord he m xture was further stirred at
70C for 2 hours. After conpletion of the reaction, "VERTREL XF' 30 (product

of DuPont) was addet £8PPRELreaction mixture and the
2 recording layer

3 protective layer
4 lubricating layer
15
BEST MODE FOR CARRYING OUT THE INVENTION
The present invention is explained in detail below with

reference to Examples.

20 Example 1
Twenty-two grams {(7.11 mmeol) of “Moresco Phosfarol A20H-
2000” (product of Matsumura Oil Research Corp.), 0.1 g (0.71
mmol} of potassium t-butoxide and 13.0 ml of t-butanol were mixed
under an argon atmosphere and stirred at 70°C for 30 minutes.
25 After completion of dissolution of the potassium t-butoxide, 0.6
g (7.11 mmol) of 2,3-epoxy-l-propanol was added to the resultant
mixture dropwise over 2 hours while stirring at 70°C. After
completion of the addition, the mixture was further stirred at
70°C for 2 hours. After completion of the reaction, “WERTREL XF”
30 (product of DuPont) was added to the reaction mixture and the
resultant mixture was then subjected to extraction, followed by
washing with an aqueous solution obtained by mixing 1 N
hydrochloric acid and methanol. The “WERTREL XF” was removed by
distillation, obtaining 14.0 g of a viscous liguid.

35 The thus-obtained viscous liquid was subjected to '*F-NMR



resultant m xture was then subjected to extraction, followed by washing
w th an aqueous sol ution obtained by mxing 1 N hydrochloric acid and
nmet hanol . The "VERTREL XF' was renoved by distillation, obtaining 14.0 g
of a viscous liquid. 35 The thus-obtained viscous |liquid was subjected to
19F- NMR - 8- anal ysis and 1H NMVR anal ysi s"80 obtain the nunber average

nol ecul ar iLght _and the tions of the constituent conponents (W% .
The nurrbervg\r}gi| ye r’rﬁlnglcul%—r i Gﬁfﬁé’ fAt? edfo webtasznootheyghubprshaerade

propor t i onsmof e¢inenrconsdiighte ntareONPERENt SroprtAchabl 81, tERMPAUMRELof ent
Formula (1) is a%) rfluog opolg[%et her conpound represented by the above
Formul a (1) SRARYEHSR (W5%h:  TPPf PUBISERY RO riRAscudarpeaienoftheseatll wag 2)
in Table 1 ps2a. papié uDrhpRalyehbepr&IMabnd §LARSeRhed;

For nul aaE(bZ) wherein Ris a tsri fl 5%rrorret hyl gr 08{).‘ @nggﬁ%e%?%ggp%ﬁtsﬂ)
in 10 Tabl el® i&bdepelf | GorepHy etherF gund )r ep® esenpedt o ndpel sbbver
Formul a (3) c¥hsseid) Repres@ntbhf Igior t r Tabl e, 1 3\ ound
of Formul a gl) 43 Corr%ountlj1 of gynﬁ% %%%Veggb%%unlpagur(lg) o?x%(?ﬁﬁul EC?%) 99
15 Resul ts bFL1ALRIWRCARAI §594P ar Catponndbef oRorn@ka NVR (is t Pedite siol ieent .

Ref er ence: 2R | S s defin S, -125. 8
ppm): S = 5% 6 ppm%gggh%ﬁp%%%@%#e%%%&%q%%@%( (%%ﬁﬁég)r%ﬁa ?% =
-77.8 ppm YhereimEmip2E, REif ORCHRIOYCHIGH(OH) CoREbhid of2®Formula (3) in
Trifl uorpac t4i pretreatnment for _t 1H N

anal ysiG'Lsc? Tﬁgeyité?ilf ﬁ%o\rggggg?wﬁépgoﬁygr%ggﬁdﬁ? PRRRS 5EPT "?%‘?r?to%i%yﬂh? @Ove

vi scous | i glivtdnyle Z3¢) weseiaddedsl8 triEsicrbeetivel ghtoupf. trifl uoroacetic
anhydride (2.0 g), followed by stirring 25 at roomtenperature for 12
hours. After conpletion of stirring, excess trifluoroacetic anhydride was
renoved, giving a Table 1

Weight %
Compound of Formula (1) 43
Compound of Formula (2) 28
Compound of Formula (3) 29
15 Results of F-NMR analysis are shown below.

9p_NMR {(without solvent. Reference: OCF3CE,CF,CF20 in the
resultant product was defined as -125.8 ppm.}:
= -78.6 ppm, -80.6 ppm [2F, RE~- [CF,CH;~0~P3N3= (OCeHCF3) 5] ] ;
d = ~-77.8 ppm, -79.9 ppm [2F, Rf- [CF,CH,~0O-CH,CH (OH) CH,OH] ]
20
Trifluorcacetylation was conducted as a pretreatment for
the H-NMR analysis. The trifluorocacetylation procedure was as
follows. To the wviscous liquid (0.2 g) was added 10 times the
weight of trifluorcacetic anhydride (2.0 g), followed by stirring
25 at room temperature for 12 hours. After completion of stirring,
excess trifluorcacetic  anhydride was removed, giving a
trifluorocacetylated substance.
Results of 'H-NMR analysis are shown below.
'H-NMR {trifluorocacetylated substance] (solvent:
30 perfluorchexane. Reference: deuterium oxide D;0):
0
d

3.70-4.05 ppm [4H, Rf- [CF,CH,-0~CH,CH (OBc) CH0AC] ] ;
3.70-4.05 Ppm [2H, Rf- [CFZ@Z—O—P3N3- (OC5H4CF3) 5] ] H

Hl



trifluoroacetyl ated substance. Results of 1H NWMR anal ysis are shown bel ow.
IH-NWVR [trifluoroacetyl ated substance] (solvent: 30 perfl uorohexane.

Ref erence: deuterium oxide D20): S = 3.70-4.05 ppm

[ 4H, Rf - [ CF2CH2- O CH2CH( OAc) CH20OAc]]; S =.3.70-4.05 ppm

[ 2H, Rf - [ CF2CH2- 0- P3N3- ( OC6H4CF3) 5]]; -9-"% = 4.45-4.70 ppm

P AIE S RO eIl g Reamo S el s o
[ H Rf-[ CF2CH2- 0- CH2 GH(SOR6)-6H2 A6 . [ 1HSREX pambe,--Si xt y-seven granms (0. 022
nmol) of "M h r.ol 0H.2000" -(product of Matsurmura O | Research
Corp.), O. 3&%%8568@%%—%%3F§§0%ﬂ#tbut oxide and 30.0 ml of t-butanol
were 10 m xed under§an ;mrRgon. gt aneran e Sthfed ity B caro m nut es.
wsPanerantcsthy }%%fg)xitjeEZ]

After c | eti on of dissolution of the potassiumt- g (0.022

nol ) of "2, 3-epoxy-I|-propanol was added dropwi se to the resultant m xture
over 2 hoursexzaMplec2stirring at 70C. After conpletion of the addition, the
m xture was further 15 stirred at 70C for 2 hours. After conpletion of the
reaction, "VERTRELS®EYY (55768uc®ryts DUPoREY Rl )ad@dd TNo¥eRca e&hppbrrol

m xture andatdie-Joesul t affodtott UsE WRS LR8P SWRieCkesk4:Qn e¥bFact | °0.3 9
foll owed by washi ng_using an aqueous solution obtained by mxing 1

hydr ochl or i €9 &% T hOfreP Akt LU e Rbox MERPREL 3RF0 Misof dmbusdndy were
distilliati opiand Lhes: Pun fLELDY 2t RYRH &G F%ﬁ@' s¢al-hoy diioxhge extracty on
met hod, obtaining 22.3 g of a viscous |li1quid. The thus-obtained viscous
liquid was Bibjt&sted A-eroFcomR etdnal yofi sdismp lubiNVR cdnatlysi sotassobmaitt t he
Component s (hFl e wmbor Uayaf ab8  hol Sect o HerYh TRGVESH v SRt
Table 2 sh rieeptopshei oasubfartthenizonsei buent2 domponetide stirring at
70°C. After completion of the addition, the mixture was further
15 stirred at 70°C for 2 hours. After completion of the reaction,
“"WERTREL XF” ({product of DuPont) was added to the reaction
mixture and the resultant mixture was then subjected to
extraction, followed by washing wusing an aqueous solution
obtained by mixing 1 N hydrochloric acid with methanol. The
20 “WERTREL XF” was removed by distillation and then purified by
supercritical carbon dioxide extraction method, obtaining 22.3 g
of a viscous liquid.
The thus-obtained viscous liquid was subjected to *F-NMR
analysis and 'H-NMR analysis to obtain the number average
25 molecular weight and the proportions of the constituent
components (wt%). The number average molecular weight thereof was
3130. Table 2 shows the proportions of the constituent components.
The compounds of Formulae (1), (2) and (3) in Table 2 are the
same as those in Table 1.

30



The conpounds of Forrmulae (1), (2) and (3) in Table 2 are the same as
those in Table 1. 30 -10- Table 2 Weight % Conpound of Formula (1) 80
Conmpound of Formula (2) 5 Conpound of Fornula (3) 15 The chemical shifts
obtai ned by NVR analysis are the sane as those of Exanple 1. 5 The viscous
liquids (lubricants) obtained in Exanpl €30T and 2 were subjected to bonded
percent age measur engnt earéd testing for evaluating deconposition resistance
agai nst al umina [Bonled percent age neasurenent] 10 The viscous |iquids )
(lubricantg) obtained in Exanples 1 and P Weekghtdgssol ved in "VERTREL XF
(product of COyRomd) of Poepakd nd)l ubri cant| sol gbions| (0.1 wt 9% . Respective
gl ass nedi pCommgnet b€ Hoskslhaping a diangfer ¢f 2.5 inches were dipped in
the |ubriCestip&@lubfopshera 137 nute and rifged out at 2 mis, 15 there_by
| ubricant was applied to each grass media magneticdi sk. Each glass nedia
magnetic di sk was heated by being placed in a 100C thernostatic chanber
for 20 minutes. TheThdi ckaesslofshiifs |dBvaiaant 19N aash HhSlyMas JrasyLd
by using an_elli s%@ter (this th&ckness is defined as e A). The disk was
then di pped®T1f 26 TVRRAREL B ™P6r 110 mi nutes and lifted out at 10 nm's,
removi ng non-adhered |ubricant to the disk. The”thl ckness 012 L_he | ubri cant
remai ning on the digk was nmeasured by using an ellipsonmeter (this

t hi cknesg i s defi netas" 51 HHEUEF ehfelr g é’gﬁé%@% i Exdmecldissk was

eval uated Usidi@ tdaeebaiBescRel aRNLBHREXM Q238 ¢BY me 25u L3R OL LW 0 ;
equation. Table 3_shows t?ﬁce results. eBo)r(l%géd pergenlingge (9 "= %%(8 xg%leng

Anong t he STRAEAEEpY cdeameeshbyi T masigsanay  aqansgndlunina.

[Bonded percentage measurement]

10 The viscous liquids (lubricants) obtained in Examples 1
and 2 were dissolved in “WERTREL XF” {(product of DuPont),
preparing lubricant solutions (0.1 wt%). Respective glass media
magnetic disks having a diameter of 2.5 inches were dipped in the
lubricant solutions for 1 minute and lifted out at 2 mm/s,

15  thereby lubricant was applied to each glass media magnetic disk.
Each glass media magnetic disk was heated by being placed in a
100°C thermostatic chamber for 20 minutes. The thickness of the
lubricant on each disk was measured by using an ellipsometer
{this thickness is defined as e A). The disk was then dipped in

20  “WERTREL XF” for 10 minutes and lifted out at 10 mm/s, removing
non-adhered lubricant to the diék. The thickness of the lubricant
remaining on the disk was measured by using an ellipsometer (this
thickness is defined as f A). The strength of the adhesion to
the disk was evaluated using the bonded percentage expressed by

25 the following equation. Table 3 shows the results.

Bonded percentage (%) = 100 x f/e
Among the compounds represented by Formulae (1), (2) ang
30 (3) contained in the viscous liquids (lubricants) obtained in

Examples 1 and 2, the compound represented by Formula (3) was

removed by the above-described removal process. Therefore, only



30 (3) contained in the viscous liquids (lubricants) obtained in Exanples
1 and 2, the conpound represented by Formula (3) was renoved by the
above-described renoval process. Therefore, only -11- the conpounds
represented by Fornulae (1) and (2), which have a strong adhesion,

remai ned on the disk. For conparison, usildg perfluoropflyether ﬁongoggds
"Moresco Phosft ar ol H 2000" roduct _of Matsunura O | Researc rp.
and "1dol - 8@%“‘3"&‘}?&’% T’é?ﬁ’%eo‘ftengﬁe‘oéy Formydaet 1 bfarsh| idy Shiekiave R |

bonded percsﬂt@gﬁ%dweéQoﬂ?@&ﬁkﬂ%aﬁnoﬁh§m§%ﬁgknanner descri bed above. Table
3 shows the results, Table 3 Test Sanple Bonded percentage (% Vi scous
liquid of Exanple 1F9% GPERILSIN quitPiss ERgiblecpoRslyesher 2600pgunds,
Zdol - 4000 g Mrekpid adlos28995 AdonLodw,i prehear df Jﬁpdu%a301&h§e¥é§&9+‘s

liquids _ (lubricants) obtained in Exanples 1 and 2 forma lubricating

| ayer st¥ ongP3P ad d 496 1rABOHagaRd | ¢ diedkacBeedUBE’ ofpicklusts pEdBetvan in
t he spl ashi d ica 5 0s1 tan & ce
2gai not ol U ral A ey e el Sy age: pirt: aPacdr anerar oy 265 Pl ha
added to ea@%ﬁ@ﬁlh@ﬁeabpgéougﬂbﬂauﬁthqNSubheczﬂﬁuitsobtalned in Exanples 1
and 2, "Mresco Phosfarol A20H 2000", product of 20 Matsunmura O | Research
Cbrp., and "Il dol -4000" and "Z- Tetraol 2000S", products of Sol vay Sol exis
K. K., in such a manhsrla Fat the al unm na pomder content becane 20 wt% and

m xed for pfed€aifnpldd M NUTES using—a sh dedp%bEJéHﬁ @lﬁﬁu test sanples

were subj _{%L{Soli E&O%%ahpgg iebl stance test %3\ reat+1g—-tastng a 25
ARG ndiet ad.hyvy |l 9l na o
t her mal and\,iyécbolusk iquld}Of Exampi vvcl.o coRaductet—o 25: acHhg—=a
A20H~2000 1
Zdol-4000 8
Z-Tetraol-20008 14
10
As 1is clear from Table 3, the viscous liquids
(lubricants) obtained in Examples 1 and 2 form a lubricating
layer strongly adhered to the magnetic disk. Because of this,
reduction in the splashing of lubricant can be expected.
15

[Decomposition resistance against alumina]

Alumina powder (average particle diameter of 100 pm) was
added to each of the viscous liquids (lubricants) obtained in
Examples 1 and 2, “Moresco Phosfarol A20H-2000”, product of

20 Matsumura O0il Research Corp., and “Zdol-4000” and “Z-Tetraol-
200087, products of Solvay Solexis K.K., in such a manner that
the alumina powder content became 20 wt%, and mixed for at least
15 minutes using a shaker. Uniformly mixed test samples were
subjected to a decomposition resistance test by heating using a

25 thermal analyzer (TG/DTA). The test was conducted by placing a
specific weight of each test sample with or without alumina in
aluminum containers, heating the samples at 250°C under a
nitrogen atmosphere, and evaluating the decrease in the weights
of the test samples. Table 4 shows the results.
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specific weight of each test sanple with or without alumna in
heating the sanples at 250C under a
of the test sanples.

cont ai ners,

eval uating the decrease in the weights

the results.
alumna Wth alumna After After

ni trogen atnosphere,

100 m

Tabl e

n. mn.

al um num

and
4 shows

30 -12- Table 4 Test Sanple Decrease in weight (% Wthout

200 Aftlér After 100 min.

200 m n. Viscous l"F%;JgaOf 2359 Example 1 Viscous liquid of 2 3 47
Exanmpl e 2 A20H 2000 Zdol - 4000 15 28 33 100 Z-Tetraol -20005 26 37
39 97 As | %est gqmpfleom Tabl e @ecré@enmcw%glht q(t%l yds (Il ubricants) pbtained
in Exanples 1 and 2 have exce eorpestti-on—+esi-st-ance—aga nst
al um na. Exanpl e 3 The viscous WP b“mtﬂ a\j*‘m‘ﬁpgr‘anf NAERE } ZHBANEy Evanpl e 1 was
di ssol ved | n "VERTREL XF", pr )ﬁ@t?rpf PPt ,20& rng a| A4 ubr | cant
solution (1 wt% A glass npdP8 WeyneRie. di sk f1ig. ng2 @0 dMigport, a
recording | By@rousandigupdotetiive 2ayef, aAd haV| ng % di pmeteP of | 2.5
i nches was| Bkl iln the lubrjcant solution for| 1 minuteland lifted out at
2 nmm's, thevedyodaubiliganhdd o@s apptied{to the gllass medi al nagneti c| di sk.
The gl ass pEghmplkb 2magneti c di sk was hpated by being placed in a 1p0C
t her nost at | gxoicheiper Tor 20 m nutes. [Thé dpSK Was tThen di ppedgin | VERTREL
XF* for 1 M flfge and TTTred oufsar 10 MRS, TEMDVEITg npon- ggher e
| ubri cant. Z”Fet[fgo(lKgﬁss‘SU' tre—tmhricant |3¢,'nui LRLCEEL t-he—ch @'r} S
neasured u Mg—an—erttpsonfeter—ine tht-eknréss—of+he
As 1s «clear from Table 4, the viscous liquids
(lubricants) obtained in Examples 1 and 2 have excellent
5 decomposition resistance against alumina.
Example 3
The viscous liquid (lubricant) obtained in Example 1 was
dissolved in “VERTREL XF”, product of DuPont, preparing a
10  lubricant solution (0.1 wt%). A glass media magnetic disk
comprising a support, a recording layer, and a protective layer,
and having a diameter of 2.5 inches was dipped in the lubricant
solution for 1 minute and lifted out at 2 mm/s, thereby lubricant
was applied to the glass media magnetic disk. The glass media
15 magnetic disk was heated by being placed in a 100°C thermostatic
chamber for 20 minutes. The disk was then dipped in “VERTREL XF”
for 10 minutes and lifted out at 10 mm/s, removing non-adhered
lubricant. The thickness of the lubricant remaining on the disk
was measured using an ellipsometer. The thickness of the
20  lubricant remained was 4.9 A.



20 lubricant remained was 4.9 A -13- CLAIMS 1. A lubricant for recording
medi a contai ning: a perfluoropol yether conpound represented by Fornula (1),
R1- CH2CF20- (CF2CF20) m (CF20) -CF2CH2-R2 (1) 5 wherein Rl represents ~ N
~N IR(C6H4) O 5-i{- 1 0- P--1 N 10 Rrepresents a Cl_4 hal oal kyl group, R2
represents - OCH2CH( OH) CH2CH, and m and T3are each i ndependently 1-30; and
anot her perfl uoropol yet her conpound rggf gted by Formula (2), 15

R1- CH2CF20- ( CF2CF20) m ( CF20) n CF2CHz- I?%é[ wherein RL, mand n are as

defined above and R3. mehl}:esmahs féﬁ-ﬂ%@d(rﬁlch@lﬁéaﬂ% £hH 2. A
magneti c di sk obtai ned uenL%eqcf%)é form a 20 recordi n% | ayer and a
r

protective |ayer on @ RUppdPtord mcgtapo 9 FsAresenked 1 r@%@nﬂ al |y

consists of the | ubrl-cantrg- (cEl@,0,1 @m,dhecsifage of {he protective
| ayer.

5 wherein erepresents
NN S
[RCeH)Ol— O
P\\N =P
10
R represents a Cy4 haloalkyl group, R? represents
-~OCH,CH(OH}CH:O0H, and m and n are each independently 1-30; and
another perfluoropolyether compound represented by
Formula (2),_
15 R'~CH,CF20~ (CF2CF20) n— (CF30) n~CF,CH,-R? (2)

. 1 1
wherein R, m and n are as defined above and R?

represents ~OCH;CH (OH)CH,OCH>CH (OH) CH,OH.

2. A magnetic disk obtained by sequentially forming a
20 recording layer and a protective layer on a support, and forming
a lubricating layer essentially consists of the lubricant of

Claim 1 on the surface of the protective layer.



